Abstract
Introduction

1
Alpine grassland is important for animal husbandry and occupies about 2/3 of the 2 total area of the Qinghai-Tibetan Plateau (QTP), but about 1/3 of this resource has 3 degraded over the last few decades (Li et al., 2011) . In addition to overgrazing (Zhang 4 et al., 2014) , climate warming and permafrost degradation (Wang et al., 2008; Yi et al., 5 2011), small mammals, especially Plateau pika (Ochotona curzoniae), are considered 6 an important cause of grassland degradation.
7
Plateau pika (hereafter pika), a small lagomorph, is believed adversely affecting 8 alpine grassland by consuming biomass, destroying the sod layer, burying vegetation 9 with excavated soil and expediting carbon dioxide emission (Qin et al., 2015a) . The 
Study area and field work 26
The study area is located in the source region of the Shule River Basin on Qilian
27
Mountain at the northeastern edge of the QTP, China (Figure 1 a) . The area has an arid 28 continental climate. The average annual air temperature and precipitation are about - grassland in the study area: alpine steppe (AS); alpine steppe meadow (AStM); alpine 1 meadow (AM); and alpine swamp meadow (ASwM) (Figure 1 b-e). The soil moisture 2 ranges from dry in AS grassland to wet in ASwM grassland (Qin et al., 2014) . 
Field sampling
11
For each grassland type, we delineated 4 surface types: vegetation patch; new pika pile
12
(with loose soil and a burrow exit nearby); old pika pile; and bald patch ( Figure 3 d-g ).
13
At end of July 2014, we randomly set up 3 quadrats with iron frames measuring 50 cm 
20
Three replicates on each surface type of each grassland type were sampled.
21
At the beginning of August 2015, we set three round plots with radius of 14 m around Innovation Company, China) was auto-piloted to 12 preset way points to take photo at total number of pixels (see Figure 3b ). 
Laboratory analysis 9
Soil samples were processed in the following steps: 1) air-dried in natural condition 10 avoiding direct sunshine; 2) the gravel, >2 mm in size, was sieved, separated and 11 weighted by electronic balance (0.01g); 3) the remaining soil samples with diameter 12 less than 2 mm were ground to pass through a 0.25 mm sieve and were then sent to vegetation patches, respectively; f represents area fraction (%) of each surface type.
25
The SOC and TN at plot scale were then calculated in a similar way as that of AGB.
26
We defined the effect of each surface type (Etype) on AGB reduction of grassland as: Two ratios were used in calculating number of pika from aerial photos at plot scale.
7
First was the ratio (r1) between the number of in-use burrow exits and the total number 8 of burrow exits, and the ratio (r2) between the number of pikas caught and the number 9 of in-use burrow exits, both of which were developed using field data for each grassland 
16
Each pika consumes ~8.06 kg of grass dry matter per year (Hou, 1995; equation 4) .
17
Pika affects above-ground biomass more than root system (Sun et al., 2016 AGBpika is the biomass consumed by pika (kg/ha).
24
The data were presented as mean ± standard deviation. The GFVCs of the vegetation patches were greater than 60% for both AM and ASwM 3 grasslands, while those of AS and AStM grasslands were less than 30% (Figure 6a ).
4
The GFVC of vegetation patches was significantly greater than that of other surface 5 types for most of the grasslands (p<0.05). Because some vegetation was included in the 6 50×50 cm iron frame, the GFVC of new pika pile was not zero, but was usually less 7 than 10%. Vegetation also grew on the piles, so the GFVC of old pika pile was usually were common on bald patches and old pika piles on all 4 different grasslands (Table 1) . 
Area fractions and numbers of surface types at plot scale 19
Except for the ASwM grassland, the mean area fractions of vegetation patches were 20 about 30%, and significantly less than bald patches (p<0.05; Figure 7a ). The mean area 21 fractions of new and old pika piles were all less than 2% for all grasslands (Figure 7b ).
22
The mean number of patches of vegetation (bald) patches ranged from ~33,000/ha 23 (17,000/ha) in AM grassland to ~100,000/ha (67,000/ha) in AStM grassland ( Figure   24 7c). The mean number of new (old) pika piles ranged from ~130/ha (160/ha) to ~270/ha 25 (400/ha, Figure 7d ). The mean ratio between in-use burrow exits and total burrow exits (r1) ranged from AStM significantly greater than those of the other grasslands (p<0.05; Figure 9d ). 
Effects of pika on bald patches 4
There were bald patches of various sizes on the grasslands (see Figure 5) , which played quadcopter costs about 1,000 USD; and 5) high efficiency. In our study, it took only 2 6 minutes to fly to 12 preset way points and take photos automatically (Figure 3a ).
7
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